abstract BACKGROUND AND OBJECTIVES: Despite previous studies demonstrating no difference in mortality or morbidity, the various surgical approaches for necrotizing enterocolitis (NEC) in infants have not been evaluated economically. Our goal was to compare total in-hospital cost and mortality by using propensity score-matched infants treated with peritoneal drainage alone, peritoneal drainage followed by laparotomy, or laparotomy alone for surgical NEC.
WHAT'S KNOWN ON THIS SUBJECT: Mortality rates and health care expenditures are high among infants requiring surgery for necrotizing enterocolitis. The impact of different surgical managements on mortality remains equivocal. Adjusted economic differences for various surgical treatments may exist but have not been elucidated.
WHAT THIS STUDY ADDS:
After performing a relatively large-scale, adjusted analysis of cost and mortality for surgical managements currently used for treating necrotizing enterocolitis, a costbenefit for a particular surgical approach was demonstrated while accounting for comorbidities and group assignment bias.
Necrotizing enterocolitis (NEC) is a highly morbid, life-threatening condition affecting infants, particularly preterm neonates. 1, 2 Despite modern advances in neonatal care, mortality remains frequent, with rates reported between 18% and 63%. [2] [3] [4] [5] [6] [7] [8] Clinical management of critically ill neonates, 9 and with NEC in particular, carries considerable financial costs. 10, 11 If medical management fails, operative management is pursued, including either laparotomy or placement of a percutaneous peritoneal drain. Ein et al 12 originally described peritoneal drainage as a technique to physiologically stabilize infants and bridge them to definitive laparotomy. Recently, peritoneal drains have been used more broadly. Drains are now commonly used in 3 ways: as intended definitive management; as an initial management attempt with an interval laparotomy only if the infant fails to improve; or finally as a planned bridge to definitive laparotomy. [13] [14] [15] Prospective studies have found no difference in mortality between laparotomy and peritoneal drainage for surgical NEC. 16, 17 In these studies, however, a large and variable percentage of patients in the peritoneal drainage group eventually received a laparotomy (35%-74%), potentially limiting the validity of the intention-to-treat analyses. 18 Given the crossover observed in these studies, as well as the restrictive inclusion criteria of clinical trials, a new approach may be valuable. Ultimately, the 3 options for surgical management of NEC must be compared: initial peritoneal drainage, peritoneal drainage followed by laparotomy, and laparotomy alone. The highest value treatment of these 3 surgical management options may best be identified by using an astreated comparison.
In addition to the important issue of mortality, NEC and its management are extremely costly. Two studies have estimated that the average charge in the United States associated with a case of surgical NEC is $400 000 to $500 000. 5, 11 One prospective study, which considered hospital cost, found that the costs of surgical NEC were between $300 000 and $660 000. 15 The choice of surgical treatment for NEC may significantly affect hospital costs. Peritoneal drain placement is typically a short, bedside procedure and may be less costly than a formal laparotomy, which requires operating room time and specialized staff. Peritoneal drainage followed by laparotomy may be even more costly than either procedure alone. 15, 19 Although NEC represents a significant burden on infant health and health care dollars, the highest value intervention has never been identified.
Cost and mortality are informative benchmarks for guiding surgical decision-making. The primary goal of the present study was to identify whether hospital costs for infants with NEC varied significantly according to the type of surgical approach used. Given the considerable mortality associated with surgical NEC, the secondary goal was to compare mortality rates among propensity score-matched infants with surgical NEC managed by peritoneal drainage alone, peritoneal drainage followed by laparotomy, or laparotomy alone.
METHODS

Data Source and Measures
The present study examined the Linked Birth File Dataset obtained from the California Office of Statewide Health Planning and Development (OSHPD), which collects information on all infant and associated maternal hospital discharges in California combined with infant vital statistics records. Each record includes patient demographic characteristics (age, gender, county of residence, and race/ethnicity), diagnoses (up to 24 per admission), procedures (up to 20 per admission) and procedure dates, disposition including death or discharge from the hospital, total charges, and expected source of payment. Diagnoses and procedures are coded by using the International Classification of Diseases, Ninth Revision (ICD-9) codes; pertinent ICD-9 codes used for this study are listed in Supplemental The 2 outcomes of interest were mortality and cost. In-hospital mortality was extracted directly from the data set. Because the United States has a multipayer system, 3 dollar amounts are generally ascribed to any health service: (1) the cost to the hospital system (hospital and providers) for production of care; (2) the charge that the hospital system requests from the payer (patient and insurance); and (3) the actual payment to the hospital system as an expense by the payer. The present analysis focused only on the first 2 metrics: costs and charges. Every fiscal year, hospitals report their annual sum of costs and charges. This information is used to construct publicly available cost-to-charge ratios for each hospital for each fiscal year. Costs were calculated from the total patient charges in the OSHPD data set (summed across all transfers and inflated to 2013 dollars by using the Medicare market basket index) multiplied by the hospital-specific, fiscal year cost-to-charge ratio.
The primary predictor of interest was the type of surgical management; it was identified by using ICD-9 procedure codes (Supplemental Table 5 ). Surgical management included: (1) peritoneal drainage alone; (2) peritoneal drainage followed by laparotomy; and (3) laparotomy alone. Secondary predictors were age, birth weight, gestational age, gender, race, and congenital comorbid diagnoses. The comorbidities were selected based on their potential for affecting mortality and were used as dichotomous variables. Gestational age and birth weight were converted into categorical variables based on ICD-9 coding because the relationship with the outcomes was assumed to be nonlinear; this action enabled imputation of missing data points derived from diagnosis data. After this imputation, 5.2% of infants' gestational age and 0.4% of infants' birth weight were excluded from further analysis due to missing data.
Propensity Score Matching
Considerable selection bias is present when the surgical treatment is chosen. 20 To overcome this bias, propensity score matching was used. 21 The following initial analyses were performed to identify the variables necessary to include in the propensity score matching. First, a x 2 test was used to identify any significant differences among the 3 surgical treatment groups for the categorical variables. A Kruskal-Wallis test was used to compare continuous variables among treatment groups. Propensity score matching was used to limit the effect of selection bias in the final comparison of outcomes among treatment groups. The outcome for the propensity score model was the probability of initially undergoing peritoneal drainage. To obtain 3 propensity score-matched cohorts, another propensity score model was run for the probability of undergoing peritoneal drainage followed by laparotomy. Variables used in the probability formulas for matching were age at surgery, birth weight, gestational age, gender, race, and congenital comorbid diagnoses. One to 2 matching was performed to conserve sample size.
Statistical Analyses
All subsequent analyses were performed with the propensity score-matched cohorts. A negative binomial mixed effects model was used to analyze cost because its distribution was highly skewed. A logistic mixed effects model was used to analyze mortality. The fixed effects in each model included the surgical treatment group, the primary predictor, as well as age at initial surgery, birth weight, gestational age, gender, race, and congenital comorbid diagnoses. To account for hospital-specific variation in costs and mortality, a hospital random intercept was included in both the negative binomial and the logistic models. The least squares mean cost and the least squares mean mortality of each surgical treatment group were calculated and compared among treatment groups adjusting for multiple comparisons after controlling for age, birth weight, gestational age, gender, race, and congenital comorbid diagnoses.
To identify whether medical futility was disproportionately present in the peritoneal drainage group, a subanalysis of cost according to mortality outcome was performed.
Three mortality outcomes were defined: mortality before 29 days of age (ie, early mortality), mortality 29 days to 1 year of age (ie, late mortality), and survival. The mortality rate and total cost at each time point were compared among surgical treatment groups by using x 2 and Kruskal-Wallis tests, respectively. Finally, the cost per day was analyzed to determine whether the intensity of treatment (ie, quantity of health care resources per day) differed among surgical groups; a negative binomial mixed effects model was used with an offset for length of stay. All analyses and data management were performed by using SAS/STAT version 9.3 (SAS Institute, Inc, Cary, NC; 2002-2010).
RESULTS
The initial cohort before propensity score matching consisted of 1375 infants; 186 underwent peritoneal drainage alone, 202 underwent peritoneal drainage followed by laparotomy, and 987 underwent laparotomy alone. Of note, 54% of infants who underwent peritoneal drainage also later had a laparotomy. Birth weight, gestational age, respiratory distress syndrome, cardiovascular abnormality, and pulmonary hemorrhage differed significantly among the 3 unmatched groups (Table 1 ). Preliminary analysis found that the smaller, sicker infants were significantly more likely to undergo initial peritoneal drainage compared with healthier infants. A total of 699 infants were successfully propensity score matched; 101 underwent peritoneal drainage alone, 172 underwent peritoneal drainage followed by laparotomy, and 426 underwent laparotomy alone. After matching, no differences were found between treatment groups with regard to age, birth weight, gestational age, gender, race, or rates of congenital comorbidities ( Table 2 ). All subsequent reported analyses are of these propensity score-matched cohorts.
Despite balance on clinical variables, comparison of the propensity score-matched treatment groups demonstrated a significant difference in unadjusted outcomes (Table 3) . Unadjusted mortality was highest in the peritoneal drainage group compared with the peritoneal drainage followed by laparotomy and laparotomy alone groups. Unadjusted in-hospital charges did not significantly differ among groups, likely as a result of the large variance. Unadjusted inhospital cost and length of stay were significantly greater in infants who underwent peritoneal drainage followed by laparotomy compared with peritoneal drainage alone and laparotomy alone. In subanalysis comparing time to mortality, the majority of infant mortalities in the peritoneal drainage group had early mortality that occurred before 29 days of age. In contrast, the majority of infant mortalities with peritoneal drainage followed by laparotomy and laparotomy alone occurred at $29 days (late mortality).
Mortality and cost were then adjusted for clinical variables to derive the best estimates of treatment effect after propensity matching. Infants who underwent peritoneal drainage alone had significantly higher adjusted mortality compared with laparotomy alone and peritoneal drainage followed by laparotomy (Table 4) ; adjusted mortality after laparotomy alone and peritoneal drainage followed by laparotomy was not significantly different. Average adjusted in-hospital costs of the laparotomy alone group and the peritoneal drainage alone group were comparable. However, the group of infants with peritoneal drainage followed by laparotomy had significantly higher costs than those who underwent peritoneal drainage alone. In summary, peritoneal drainage followed by laparotomy was the most costly management strategy after adjustment for comorbidities and potential treatment group bias.
Not only did more infants undergoing peritoneal drainage alone experience early mortality, but this early mortality was less costly compared with early mortality in infants undergoing peritoneal drainage followed by laparotomy ($125 755 vs $218 015; P = .019) (Fig 1) . No differences in cost were seen among infants who developed late mortality and among infants who survived. This finding demonstrates that the lower costs associated with early mortality in infants undergoing peritoneal drainage alone may be what drives the lower costs in patients undergoing peritoneal drainage procedures overall.
To assess if this difference in cost of early mortality in infants in the peritoneal drainage alone group was the result of differences in the provision of health care, cost per day was analyzed as a proxy for intensity of care. However, the cost per day was not significantly different among surgical treatment groups for infants who died early (Fig 2) . Thus, these findings illustrate that among matched surgical treatment groups, infants who died early received comparable intensity of care.
DISCUSSION
According to the World Health Organization, US health care costs are ∼17% of 2012 gross domestic product. 22 Fundamental markers of health (eg, infant mortality rate) in the US remain worse than most of Western Europe. To make more explicit value-based decisions, outcomes and their associated costs must be considered. In the present propensity score-matched analysis, infants who underwent laparotomy alone and infants who underwent peritoneal drainage followed by laparotomy had comparably lower mortality rates than infants who underwent peritoneal drainage alone. The total in-hospital costs of the laparotomy alone and peritoneal drainage alone management strategies were not significantly different. However, peritoneal drainage followed by laparotomy demonstrated significantly higher total in-hospital costs than peritoneal drainage alone. Due to the broad range of costs exhibited in a cohort of this size, other significant differences in total in-hospital costs may have been more elusive to capture. Future analyses examining other patient-centered, diseasespecific outcome measures may additionally guide surgical management strategies. 23 An economic analysis of documented long-term neurodevelopmental 24 outcomes and associated resource use may provide some of this valuable information.
The mortality rates in the present study were within the published ranges of 18% to 63%. [2] [3] [4] [5] [6] [7] [8] Some retrospective studies have similarly demonstrated that infants undergoing peritoneal drainage alone may have higher morbidity and mortality. 1, 19, [25] [26] [27] Prospective trials have not shown a difference, perhaps as a result of an intention-to-treat analysis with high rates of crossover (35%-74%) in which the peritoneal drainage group included infants who underwent peritoneal drainage followed by laparotomy. 16, 17 Data are presented as percentages or median (25%-75% interquartile range), small value disclosure is limited due to data use agreement. a Charges, costs, and length of stay are for in-hospital to initial discharge from the hospital or in-hospital death. The total cost of care for a patient population is determined primarily according to 2 factors: the intrinsic costs of the surgical condition itself (inclusive of the comparatively small procedural costs), and the total quantity of care provided due to comorbidities. The total cost of care for infants with surgical NEC in the present study was comparable to that found in a previous single-center study (ie, $300 000-$600 000). 15 The intrinsic costs of surgical NEC, or marginal costs, have been estimated to be between $22 328 and $198 040. 10, 28 The intrinsic costs of surgical NEC thus account for a fraction of the total costs of care once comorbidities are accounted for. The equivalence in cost between patients treated with peritoneal drainage alone and laparotomy alone in this study is likely a result of using matched cohorts with equivalent comorbidity rates. Nonetheless, the addition of a second surgical procedure (peritoneal drainage followed by laparotomy) significantly increased the total cost of care. This second surgical procedure was performed for more than one-half of the patients in this data set, which is consistent with the range reported in the literature (22%-74%). [15] [16] [17] 19, 24, 29, 30 The known drivers of surgical costs in infants who underwent peritoneal drainage followed by laparotomy include increased length of stay 19 and postdrainage clinical decompensation. 15, 31 The present study was limited by the administrative nature of the data set. It is difficult to capture severity of disease by using ICD-9 codes, 32 which may be poorly reported and thus result in unmeasured variable bias. Such bias was minimized through the use of propensity score matching and postestimation comparisons. 33 Second, because this study used administrative data, the treatment group definition depended on appropriate billing of the procedure codes. If the procedure codes were overcoded or undercoded, it is possible that patients were inaccurately categorized. This effect was likely minimized, however, because the study analyzed a specific neonatal diagnosis associated with a specific procedure, thereby increasing the likelihood of accurate capture. Third, the institutional costto-charge ratios available from the HCUP data set are an average of many individual cost centers' cost-to-charge
FIGURE 1
Total in-hospital cost according to propensity score-matched treatment group for infants with early mortality, late mortality, or survival. Comparison of least squares mean cost among these groups was performed by using Tukey' s method for multiple comparisons of propensity score-matched cohorts of infants with surgical NEC according to time to outcome. Error bars represent 95% confidence intervals. *P = .02 for peritoneal drainage alone versus peritoneal drainage followed by laparotomy.
FIGURE 2
Cost per day according to propensity score-matched treatment group for infants with early mortality, late mortality, or survival. Comparison of least squares mean cost per day were performed among the treatment groups by using Tukey' s method for multiple comparisons. Error bars represent 95% confidence intervals. e6 STEY et al at UCLA Digital Coll Svcs on April 20, 2015 pediatrics.aappublications.org Downloaded from ratios. As a result, cost estimates may be less precise estimates of actual costs. Relatedly, certain costs may be less accurately reflected by billing charges (particularly the extent of postoperative care that is bundled into procedural charges, whether it is management of peritoneal drains or stomal complications). These costs may not be incorporated into the cost estimates derived from these administrative data and may be underestimated as a result. However, HCUP institutional cost-to-charge ratios are commonly used and are widely regarded as acceptable adjustments for estimating the cost of production of care. 34 Fourth, the actual intent to treat of these infants was unknown, which limits the analysis that can be performed to a comparison of the ultimate management strategy or an as-treated comparison. Finally, external generalizability may be limited based on the data source. Although the state of California is large and ethnically diverse, the structure of the US health care system has decentralized care with a surplus of facilities seeking to provide neonatal intensive care, due largely to favorable reimbursement compared with actual hospital cost. [35] [36] [37] As such, organizations with varying degrees of resources, support, and expertise provide vastly different care with different degrees of efficiency. 38 In other settings, in which pediatric surgical care is more centralized to specific referral centers, care processes, outcomes, and costs may be more standardized, thus reducing the noise and possibly yielding a clearer signal-to-noise ratio of the potential differences in outcomes and costs of the surgical management of NEC.
The implications of the present research are twofold. First, it suggests that peritoneal drainage followed by laparotomy provides equally good outcomes as laparotomy alone for infants with surgical NEC. Second, it implies that the cost burden of peritoneal drainage followed by laparotomy is large enough that the need for performing both procedures should be considered before initial peritoneal drainage. As a result, an intent-to-treat type of analysis that includes costs is needed to gain further insight into which initial treatment is the highest value intervention.
CONCLUSIONS
Peritoneal drainage followed by laparotomy was associated with decreased mortality compared with peritoneal drainage alone but at significantly increased costs. These findings imply that economic analyses of prospectively gathered cost data are needed to determine not only which intervention has the best outcomes but the highest value.
